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MESSAGE FROM THE DISTRICT CHIEF

After almost a century of activity and publication of more than 2,200 water-resources related
reports for the State of California, one needs to ask: have we as an agency improved the level of under-
standing of the hydrologic environment in the State? Have we provided sufficient data and interpretive
products that are necessary for sound decisionmaking to the water-management community?

A century of existence certainly demonstrates an historical role for the U.S. Geological Survey
in the hydrologic community. The resulting 2,200 reports continue to serve as the foundation of
hydrologic knowledge for the State of California. Additionally, hydrologic historians will note: (1) the
evolution and sophistication of the investigative and interpretive tools used to collect and transfer hydro-
logic data knowledge to the water user community, and (2) a strong and steadfast nonregulatory stance
in the midst of highly controversial and political issues. The justification for this stance is simple--the
need has existed and will continue to exist for an unbiased entity such as the U.S. Geological Survey to
produce scientific, credible information.

The major national water issues for the Water Resources Division during fiscal years 1988-90
correspond well to water issues in the State of California. These issues are (1) water availability and
competition for this water; (2) quality of water; and (3) management of water and land resources. Studies
being conducted by the U.S. Geological Survey and described in this publication are, for the most part,
in support of providing data and interpretation to address these issues.

As an agency, we are aware of and dedicated to the premise that credible data are obtained only
when subjected to consistent, discipline related, quality-assurance programs. Throughout the Water
Resources Division, continuous quality-assurance programs are conducted of all the activities that influence
and ensure the quality of our products and services. These documented and proven quality-assurance
programs provide to the hydrologic community necessary confidence that our products and services will
meet the most stringent criteria.

Numerous relevant and complex studies are being conducted by the California District. Several
such examples are the continued documentation of the hydrodynamics and controlling factors in San
Francisco Bay; the fate and distribution of toxic contaminants in the San Francisco Bay-Estuary system;
examination of the relation between ground-water withdrawals and fissuring on Rogers Lake playa surface,
Edwards Air Force Base; a redefinition of the geohydrology and optimization of ground-water
development and recharge in the Oxnard Plain; factors controlling the transformation and movement of
nitrogen through the unsaturated zone; and the variability of hydrologic impacts of storms moving across
the Sierra Nevada and the implications of climate change. These studies and the others described herein
are providing valuable data and methods development that continue to contribute significantly to the
science of hydrology and the water-management community within the State.

John M. Klein
District Chief
U.S. Geological Survey
Sacramento, California
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U.S. GEOLOGICAL SURVEY ORIGIN

The U.S. Geological Survey (USGS) was established by an act of Congress on March 3, 1879,
to provide a permanent Federal Agency to conduct the systematic and scientific "classification of the
public lands, and examination of the geological structure, mineral resources, and products of national
domain." An integral part of that original mission includes publishing and disseminating the earth-science
information needed to understand, to plan the use of, and to manage the Nation’s energy, land, mineral,
and water resources.

Since 1879, the research and factfinding role of the USGS has grown and been modified to meet
the changing needs of the Nation it serves. As part of that evolution, the USGS has become the Federal
Government’s largest earth-science research agency, the Nation’s largest civilian mapmaking agency, the
primary source of data on the Nation’s surface- and ground-water resources, and the employer of the
largest number of professional earth scientists. Today’s programs serve a diversity of needs and users.
Programs include:

« Conducting detailed assessments of the energy and mineral potential of the Nation’s land and offshore
areas.

« Investigating and issuing wamings of earthquakes, volcanic eruptions, landslides, and other geologic
and hydrologic hazards.

« Conducting research on the geologic structure of the Nation.

« Studying the geologic features, structure, processes, and history of the other planets of our solar
system.

+ Conducting topographic surveys of the Nation and preparing topographic and thematic maps and
related cartographic products.

* Developing and producing digital cartographic data bases and products.

+ Collecting data on a routine basis to determine the quantity, quality, and use of surface and ground
water.

+ Conducting water-resource appraisals in order to describe the consequences of alternative plans for
developing land and water resources.

* Conducting research in hydraulics and hydrology and coordinating all Federal water-data acquisition.

+ Using remotely sensed data to develop new cartographic, geologic, and hydrologic research techniques
for natural-resources planning and management.

* Providing earth-science information through an extensive publications program and a network of
public-access points.

Along with its continuing commitment to meet the growing and changing earth-science needs of
the Nation, the USGS remains dedicated to its original mission to collect, analyze, interpret, publish, and
disseminate information about the natural resources of the Nation--providing "Earth science in the public
service."”

Origin 1



WATER RESOURCES DIVISION BASIC MISSION AND PROGRAM
|

The mission of the Water Resources Division (WRD) is to provide the hydrologic information and
understanding needed for the optimum utilization and management of the Nation’s water resources for the
overall benefit of the people of the United States. To accomplish this mission, the WRD, in cooperation
with local, State, and Federal agencies, uses a wide variety of investigative and interpretive techniques to
collect and transfer hydrologic information to the water-user community. An integral part of that mission
includes publishing and disseminating the earth-science information needed to understand, to plan the use
of, and to manage the Nation’s energy, land, mineral, and water resources.

This is accomplished, in large part, through cooperation with other Federal and non-Federal agencies, by:

quantity, quality, and use of the Nation’s water resources.

« Collecting, on a systematic basis, data needed for the contlkuing determination and evaluation of the

» Conducting analytical and interpretive water-resourceq appraisals describing the occurrence,
availability, and physical, chemical, and biological characteristics of surface and ground water.

» Conducting supportive basic and problem-oriented research in hydraulics, hydrology, and related fields
of science to improve the scientific basis for investigations and measurement techniques and to
understand hydrologic systems sufficiently well to quantitatively predict their response to stress, either
natural or manmade.

» Disseminating the water data and the results of these investigations and research through reports, maps,
computerized information services, and other forms of public releases.

» Coordinating the activities of Federal agencies in the acquisition of water data for streams, lakes,
reservoirs, estuaries, and ground water.

« Providing scientific and technical assistance in hydrology fields to other Federal, State, and local

agencies, to licensees of the Federal Energy Regulatory Commission, and to International agencies on
behalf of the Department of State.

CALIFORNIA DISTRICT ORGANIZATION

The headquarters for the California District is in Sacramento. Hydrologic investigations and data
collection are conducted from 2 project offices and 10 field offices. These offices and supporting units
of the District are shown in the organization chart (fig. 1).

2 Activities of the Water Resources Division, California District, Fqscal Years 1988-90
l
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CALIFORNIA DISTRICT ADDRESSES

Inquiries regarding projects described in this report may be directed to the District Office.
Addresses for the District Office and project and field offices \are listed below. Location of offices are
shown in figure 2.

DISTRICT OFFICE (916) 978-4633

PROJECT OFFICES

U.S. Geological Survey
2800 Cottage Way, Rm. W-2234
Sacramento, CA 95825

Sacramento (916) 978-4648 2800 Cottage Way, Rm. W-2234
Sacramento, CA 95825
San Diego (619) 557-6700 5735 Kearny Villa Road, Suite O

FIELD OFFICES

San Diego, CA 92123

Bakersfield (805) 861-4347 3131 Pegasus Drive
Bakersfield, CA 93308

Eureka (707) 443-2028 1105 6th Street
Eurcka, CA 95501

Loma Linda (714) 383-5617 10421 Corporate Drive, Suite A
Redlands, CA 92374

Merced (209) 383-9067 1547 Yosemite Parkway
Merced, CA 95340

Redding (916) 246-5282 11075 Black Marble Way
Redding, CA 96003

Sacramento (916) 978-4658 2800 Cottage Way, Rm. W-2234
Sacramento, CA 95825

Salinas (408) 754-6717 P.O. Box 5027
Salinas, CA 93915

Santa Rosa (707) 576-1740 5 West 9th Street, #2
Santa Rosa, CA 94502

Santee (714) 557-5155 10130 Mission Gorge Road
Santee, CA 92702

Tahoe City (916) 583-4823 605 Westlake Boulevard

Tahoe City, CA 95730

4 Actlvities of the Water Resources Divislon, California District, F‘scal Years 1988-90
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Figure 2. Location of offices in the California District.

Figure 2 5



CALIFORNIA DISTRICT FUNDING

Programs of the Water Resources Division in California are funded as follows: (1) the Federal
program, which is specifically identified in annual Geological Survey appropriations made by Congress;
(2) the Federal-State cooperative program, where the Water Resources Division represents National
interest, the cooperating agencies represent State and local interest, and the funding generally is shared
equally (the Federal share comes from direct Congressional appropriations); (3) the Other-Federal-Agencies
(OFA) Program, which is funded by the Federal agencies that request the work. Total funds and sources
of funding for fiscal years 1988, 1989, and 1990, are shown in figure 3. [The fiscal year (FY) is from

October 1 to September 30, and is designated by the calendar year in which it ends.]

The percentage of investigations, by funding, for fiscal years 1988, 1989, and 1990 in each of the
broad categories of hydrologic-data collection, areal appraisals and interpretive studies, and research

projects are shown in figure 4.

In fiscal years 1988-90, State, local, and Federal agencies contributed funds and (or) services in

cooperative programs with the California District.

cooperative agreement are:

State Agencies

California Department of Boating and
Waterways
California Department of Parks and Recreation
California Department of Transportation
California Department of Water Resources
California State Water Resources Control Board
California Regional Water Quality Control
Board
Colorado River Basin Region
Lahontan Region
San Diego Region
San Francisco State University

Local Agencies

Alameda County Flood Control and Water
Conservation District

Alameda County Water District

Antelope Valley-East Kemn Water Agency

Calaveras County Water District

Carpenteria County Water District

Casitas Municipal Water District

Coachella Valley Water District

Contra Costa County Flood Control and Water
Conservation District

Crestline-Lake Arrowhead Water Agency

Desert Water Agency

East Bay Municipal Utility District

Eastern Municipal Water District

East Valley Water District

Fox Canyon Groundwater Management Agency

Fresno Metropolitan Flood Control District

Georgetown Divide Public Utility District

Goleta Water District

Organizations that assisted the Survey through

Local Agencies--Continued

Humboldt Bay Municipal Water District

Imperial County Department of Public Works

Imperial Irrigation District

Indian Wells Valley Water District

Inyo County, Department of Water

Lompoc, city of

Los Angeles, city of, Department of Water and
Power

Los Angeles County Department of Public
Works

Madera Irrigation District

Marin Municipal Water District

Mendocino County Water Agency

Merced, city of

Merced Irrigation District

Modesto Irrigation District

Mojave Water Agency

Mono County

Montecito Water District

Monterey County Flood Control and Water
Conservation District

Monterey Peninsula Water Management District

Nevada Irrigation District

Oakdale-South San Joaquin Irrigation District

Orange County Environmental Management
Agency

Orange County Water District

Oroville-Wyandotte Irrigation District

Pacific Gas & Electric Company

Paciﬁl}l:ower and Light Company

Pala Band of Mission Indians

Palo Alto, city of

Panochk Water and Drainage District
Pechanga Indian Reservation

Placer County Water Agency

6 Activitles of the Water Resources Dlvision, California District, F%scal Years 1988-90



Local Agencies--Continued

Rancho California Water District

Riverside County Flood Control and Water
Conservation District

Rock Creek Limited Partnership

Sacramento Municipal Utility District

Sacramento County Regional Sanitation District

San Benito County Water Conservation and
Flood Control District

San Bemardino County Flood Control District

San Bemardino Valley Municipal Water District

San Diego, city of

San Diego County Department of Planning and
Land Use

San Diego County Department of Public Works

San Francisco, City and County, Hetch-Hetchy
Water and Power

San Francisco Water Department

San Luis Obispo County Engineering
Department

San Mateo County

Santa Barbara, city of

Santa Barbara County Flood Control and Water
Conservation District

Santa Barbara County Water Agency

Santa Clara Valley Water District

Santa Cruz, city of

Santa Cruz County Flood Control and Water
Conservation District

Santa Maria Valley Water Conservation District

Santa Ynez River Water Conservation District

Scotts Valley Water District

Sonoma County Planning Department

Sonoma County Water Agency

Southern California Edison Company

Tahoe Regional Planning Agency

Terra Bella Irrigation District

Tulare County Flood Control District

Tuolumne County

Turlock Irrigation District

United Water Conservation District

Local Agencies--Continued

Ventura County Public Works Agency

Western Municipal Water District

Woodbridge Irrigation District

Yolo County Flood Control and Water
Conservation District

Yuba County Water Agency

Federal Agencies

U.S. Department of Agriculture
Forest Service

U.S. Department of the Air Force
Edwards Air Force Base
Vandenberg Air Force Base

U.S. Department of the Army
Corps of Engineers
Los Angeles District
Sacramento District
San Francisco District

U.S. Department of the Interior
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Reclamation
Fish and Wildlife Service
National Park Service

U.S. Department of Justice
U.S. Penitentiary, Lompoc

U.S. Navy
Marine Corps Air Ground Combat Center,
Twentynine Palms
Marine Corps Base, Camp Pendleton
Naval Air Station, Point Magu
Naval Weapons Center, China Lake

Caillfornia District Funding 7
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FY 1988 FY 1989

Research Projects

Collection of
Hydrologic Data

Areal Appraisals and
Interpretive Studies

FY 1990

Figure 4. Categories of investigations in the California District, by funding, fiscal years 1988-90.
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WATER CONDITIONS 1

California experienced its fourth consecutive year of drought in 1990. Statewide precipitation,
runoff, and reservoir storage were below average during cach of the water years 1987-90. Table 1 shows
the percentage of average runoff by hydrologic region for each year of the drought and reservoir storage
at the end of water year 1990.

Stream runoff in the Sacramento River basin (fig. 5) is a major source of water for State and
Federal water-supply projects and is an indicator of the State’s water supply. On the basis of runoff in
the Sacramento River basin, the California Department of Water Resources classified water years 1987,
1988, and 1990 as "critically dry." A critically dry year is the driest category and occurs on the average
of about 1 out of 10 years during the period of record shown in figure 5. Plentiful rain and snow over
the northern half of the State in March 1989 significantly maderated the severity of the drought in the
Sacramento River basin. As a result, water year 1989 was not classified as a critically dry year even
though runoff was below average.

Two consecutive critically dry years in the Sacramento River basin (as in 1987-88) have occurred
only twice before in this century--1933-34 and 1976-77. Three consecutive critically dry years would have
been unprecedented in the historical record. Three critically dry years during a 4-year period (such as the
current 4-year drought) have occurred only once before--1931-34. The drought of 1987-90 ranks as the
second driest 4-year period in the 119 years of runoff record for the Sacramento River basin, indicating
a recurrence interval of almost 60 years.

Table 1. Summary of water conditions in California, 1987-90

[From California Department of Water Resources summaries]

Petcent of average

Hydrologic Runoff (water years) Reservoir
region storage
1987 1988 1989 1990 Oct. 1, 1990
NorthCoast ................ 56 52 ‘, 76 46 72
San FranciscoBay ............ 25 26 45 23 78
Central Coast ............... 19 20 19 9 17
SouthCoast ................ 32 40 28 16 107
Sacramento Basin ............ 49 49 78 49 64
San Joaquin Basin ............ 33 38 60 40 52
Tulare Lake Basin . ........... 45 42 50 34 24
North Lahontan .............. 40 33 78 45 18
SouthLahontan .............. 70 62 64 54 69
Colorado River! . ............ 93 58 41 39 -
STATEWIDE ............... 48 48 70 45 - 60

1Colorado River inflow to Lake Powell

10 Activities of the Water Resources Division, California District, Fiscal Years 1988-90
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Streamflow records from six unregulated long-term gaging stations indicate the severity and areal
extent of the current drought (fig. 6). The records show that water years 1987-90, when considered
1nd1v1dua11y, do not rank among the driest years of record at any of the stations; however, when the 4-year
period is considered as a whole, the drought of 1987-90 ranks among the most severe 4-year droughts in
the State’s history. Along the central coast and in the central Sierra Nevada (stations 11152000 and
11264500), the current drought is the driest 4-year period on record, with a recurrence interval (limited
by the length of record at the stations) of about 80 years. In the northemn part of the State (stations
11383500 and 11522500) and in the southern Sierra Nevada (station 11186000), the current drought ranks
second in severity behind a 4-year period during the drought of 1928-37, with a recurrence interval of
about 35 years. In southem California (station 11098000), the current drought actually began in 1984 and
ranks third in severity behind 7-year periods in 1928-34 and 1959-65, with a recurrence interval of about
25 years.

A comparison of the relative severity of the 4-year drought in 1987-90 with that of the 2-year
drought in 1976-77 provides additional perspective. Although the current drought is twice as long, runoff
deficiencies (departures below average) for the entire 4 years of the current drought are only about 1.3
times those that occurred in 1976-77. Exceptions are southern California, where the 1976-77 drought was
not particularly severe and the central coast, where the current drought is the most severe. Runoff
deficiencies in the central coast were 1.7 times those of the 1976-77 drought.

Although water year 1987 marks the beginning of the current period of drought, water supply
shortages were minimal in 1987 as a result of carryover surface-water storage from 1986. The most
serious effects in 1987 were on wild lands and nonirrigated agriculture. During water year 1988 and
continuing into the first half of water year 1989, water shonang affected about one-third of California’s
population and more than 40 percent of the State’s irrigated |agriculture. Many areas had insufficient
rainfall for dry-farmed crops, and ranchers from 42 counties were accepted into Federal emergency feed
programs. Fourteen counties declared drought emergencies. Many urban areas instituted mandatory or
voluntary water-conservation measures. Where available, groxénd water was used to supplement surface-
water supplies. In general, ground-water supplies were considered adequate, but shonages did occur in
areas where the ground-water reservoirs are small (upland and coastal areas) and in localized areas of
excessive drawdown (such as the Santa Clara Valley).

In water year 1989, both of the State’s two major water projects, the State Water Project and the
Federal Central Valley Project, announced anticipated reductions in water deliveries of as much as 50
percent; however, the wet weather in March 1989 allowed full delivery of agricultural water supplies and
the eventual lifting of drought restrictions in most areas of the State. Water restrictions continued along
the central coast, which did not benefit from the March 1989 rains and does not receive water from any
of the State’s big water projects.

In water year 1990, spring rains did not bring any drought relief. Deliveries of State and Federal
project water were reduced by as much as 50 percent for agricultural customers; reductions to some
municipal and industrial contractors were less. This is only the second time in the history of the water
projects that such reductions were necessary; the first was in 1977. Deliveries of surface water from other
sources were greatly curtailed as well. Most urban areas of the State again instituted drought restrictions.
The areas most affected by the drought were those without access to large-scale developed surface-water
supplies or a major ground-water basin. Santa Barbara, probably the most adversely affected community
in the State, enacted a strict mandatory water-conservation program in an attempt to reduce water use by
45 percent.

As the drought continues, carryover storage in reservoirs into water year 1991 is well below
average. Ground-water reserves continue to be used, which can cause excessive drawdown, water-quality
deterioration, seawater intrusion into some coastal basins, and the potential for land subsidence and the
associated reduction in storage due to compaction. Ground-water storage is reaching record lows in some
areas. The drought has adversely affected fish and wildlife, wildland resources, water quality,
hydroelectric power, and recreation.

12 Activities of the Water Resources Division, California District, Fiscal Years 1988-90
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Figure 6. Annual departure from average runoff at six unregulated long-term streamflow stations
selected to represent statewide conditions.
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SURFACE-WATER STATIONS

Number: CAO001

Location: Statewide (See accompanying map)

Project Chief: Kenneth W. Lee |

Period of Project: Continuing |

Problem: Surface water accounts for about 60 percent of the freshwater withdrawals in California--more
than 22.5 billion gallons per day in 1985. About 31 percent of the population, 8 million people, use
surface water for domestic supplies. More than 20 billion gallons per day was withdrawn for irrigation
in 1985. The distribution of surface water is highly variable both seasonally and areally; close monitoring
of runoff is essential to the optimum management and development of this resource.

Objectives: Collect and publish surface-water data to meet needs for (1) assessing quantity and
distribution of surface-water resources; (2) operating reservoirs for power, flood control, and irrigation;
(3) flow forecasting; (4) monitoring of flow for instream-use r¢quirements; (5) determining discharge to
support water-quality sampling and assessment programs; (6) determining safe releases of treated reclaimed
water to streams and rivers; (7) defining statistical streamflow characteristics needed for research and
planning and design of dams, bridges, culverts, canals, flood-management projects, and ground-water-
recharge facilities. |

Approach: Stage and discharge of streams and stage and contents of lakes and reservoirs will be
measured and recorded. Standard methods of data collection will be used as described in the series
"Techniques of Water-Resources Investigations of the U.S. Geological Survey." Partial-record data will
be collected instead of continuous-record data where it serves the required purpose.

Progress:

FY1988: Surface-water data from 513 continuous streamflow stations were collected and compiled for
publication. Records for 157 streamflow stations provided by other agencies and Federal Energy
Regulatory Commission (FERC) licensees were reviewed for publication. Records from 54 reservoir sites
were collected and compiled for publication and 74 reservoir records provided by cooperators were
reviewed and published. Data on peak flow, low flow, seasonal flow, limited range of discharge, or stage
information at 70 partial-record sites were collected and compiled for publication. An additional 212
records provided primarily by FERC licensees were reviewed but not published.

FY1989: Surface-water data from 568 continuous streamflow stations were collected and compiled for
publication. Records for 189 streamflow stations provided by other agencies and FERC licensees were
reviewed for publication. Records from 34 reservoir sites were collected and compiled for publication,
and 70 reservoir records provided by cooperators were reviewed and published. An additional 52 reservoir
records provided by cooperators were reviewed but not published. Data on peak flow, low flow, seasonal
flow, limited range of discharge, or stage information at 96 partial-record sites were collected and

compiled for publication. An additional 179 provided primarily by FERC licensees were reviewed but
not published.

FY1990: Surface-water data from 766 continuous streamflow stations were collected and compiled for
publication; about 200 of which were provided by other agencies and FERC licensees. Data from 164
reservoir sites were either collected or provided by cooperator for review. Data on peak flow, low flow,
seasonal flow, limited range of discharge, or stage information at 116 partial-record stream and reservoir
sites were collected and compiled for publication.

Plans for Next Year: Statewide data collection and review will continue. Thirty-seven stations are
equipped with satellite-relay data in transmitters installed by U.S. Geological Survey. Installation of
additional satellite data-collection platforms is planned for real-time transmission of streamflow
information from selected remote stations.

16 Project CAOO1



Reports:

U.S. Geological Survey, 1988, Water resources data--California, water year 1986: U.S. Geological Survey
Water-Data Reports CA-86-1 to CA-86-4.

U.S. Geological Survey, 1988, Water resources data--California, water year 1987: U.S. Geological Survey
Water-Data Reports CA-87-1 to CA-87-4.

U.S. Geological Survey, 1989, Water resources data--California, water year 1988: U.S. Geological Survey
Water-Data Reports CA-88-1 to CA-88-4.

U.S. Geological Survey, 1990, Water resources data--California, water year 1989: U.S. Geological Survey
Water-Data Reports CA-89-1 to CA-89-4.
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i
GROUND-WATER STATI'IONS
|
Number: CA002 }
:

Location: Statewide (See accompanying map)
Project Chief: Charles E. Lamb
Period of Project: Continuing

Problem: Ground-water sources supplied about 40 percent jof the total offstream fresh water used in
California during 1985--about 14.8 billion gallons per day. | More than 18 million people, almost 70
percent of California’s population, used ground-water supplies. Of the 30.6 billion gallons per day used
for irrigation in California, 10.4 billion gallons per day was withdrawn from ground-water sources.
Ground-water quality and distribution is highly variable, and is related to geologic influences and to
natural and manmade stresses. Monitoring of ground-water levels and chemistry is essential to the
management and development of the resource.

Objectives: Collect ground-water-level data to meet the needs for assessment of quantity, quality, and
occurrence of ground water. These data will be useful to Federal, State, and local water planners.

Approach: Water-level data recorded continuously, monthly, semiannually, and annually will be entered
into a computer data base. Standard methods of data collection will be used as described in the "National
Handbook of Recommended Methods for Water-Data Acquisition” and Water Resources Division manuals
and memorandums.

Progress:

FY1988: Ground-water-level data from 935 long-term sites, 447 short-term sites, and 16 continuous-
recorder wells were collected and compiled for publication. Data for water year 1986 were published in
a separate volume of the annual data-report series.

FY1989: Ground-water-level data from 1,028 long-term sites, 57 short-term sites, and 20
continuous-recorder wells were collected and compiled for publication. Data for water years 1987 and
1988 wére published in separate volumes of the annual data-report series.

FY1990: Ground-water-level data from 942 long-term sites, 95 short-term sites, and 17 continuous-
recorder wells were collected and compiled for publication. Data for water year 1989 were published in
a separate volume of the annual data-report series.

Plans for Next Year: Data collection and compilation will continue. All data will be published in a
separate volume of the annual data-report series.

Reports:
U.S. Geological Survey, 1988, Water resources data--California, water year 1986: U.S. Geological Survey
Water-Data Report CA-86-5.
U.S. Geological Survey, 1988, Water resources data--California, water year 1987: U.S. Geological Survey
Water-Data Report CA-87-5. .
U.S. Geological Survey, 1989, Water resources data--California, water year 1988: U.S. Geological Survey
Water-Data Reports CA-88-5.
U.S. Geological Survey, 1990, Water resources data--California, water year 1989: U.S. Geological Survey
Water-Data Report CA-89-5.
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WATER-QUALITY STAT

|
Number: CA003 |
Location: Statewide (See accompanying map. Also see map
Project Chief: Rick T. Iwatsubo

Period of Project: Continuing

Problem: In order to properly manage the water resources of
and ground water must be defined and monitored.

Objectives: Collect and publish long- and short-term recg
reservoir, precipitation, and spring sites and ground-water obs
data will be used by Federal, State, and local agencies in the as

IONS

of selected observation wells, page 19)

the State, the chemical quality of surface

rds of water quality at selected stream,
ervation wells throughout California. The
ssessment, management, development, and

protection of the State’s water resources.

\
Approach: A network of water-quality sites will be established and operated to provide physical, chem-
ical, and biological data for the objectives stated above. Standard methods of data collection will be used
as described in the "National Handbook of Recommended Methods for Water-Data Acquisition" and Water
Resources Division manuals and memorandums.

Progress: |

FY1988: Water-quality data were collected periodically at [ any sites located throughout California.
Water-quality samples were collected bimonthly at 12 and| quarterly at 7 National Stream Quality
Accounting Network (NASQAN) stations, and quarterly at 3 Hydrologic Benchmark stations. Water
temperature and specific conductance were measured continuously at 33 and 3 sites, respectively.
Precipitation samples were collected weekly at the National Trends Network stations in the Los Padres
National Forest and at Yreka. Water-quality data also were collected at 135 stream and reservoir sites.
Chemical analyses of ground-water samples from 184 long-term observation wells and 45 short-term
observation wells were completed. Data for water years 1986 and 1987 were published in the annual data-
report series.

FY1989: Water-quality data were collected periodically at ' any sites throughout California. Water-

quality samples were collected bimonthly at 12 and quarterly

Hydrologic Benchmark stations. Water temperature and specifig
at 38 and 13 sites, respectively. Precipitation samples were
Network stations in the Los Padres National Forest and at Yrek
at 53 stream and reservoir sites. Chemical analtyses of ground-w

tion wells and 22 short-term observation wells were completed,

in the annual data-report series.

FY1990: Water-quality data were collected periodically at n
quality samples were collected bimonthly at 12 and quarterly
3 Hydrologic Benchmark stations. Water temperature an
continuously at 30 and 7 sites, respectively. Precipitation sam}
Trends Network stations in the Los Padres National Forest anj
collected at 59 stream and reservoir sites. Chemical analyses of|
observation wells and 59 short-term observation wells were c¢
published in the annual data-report series.

Plans for Next Year: Collection of water-quality data will ¢
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Reports:

U.S. Geological Survey, 1988, Water resources data--California, water year 1986: U.S. Geological Survey
Water-Data Reports CA-86-1 to CA-86-5.

U.S. Geological Survey, 1988, Water resources data—-Cahforma, water year 1987: U.S. Geological Survey
Water-Data Reports CA-87-1 to CA-87-5.

U.S. Geological Survey, 1989, Water resources data--California, water year 1988: U.S. Geological Survey
Water-Data Reports CA-88-1 to CA-88-5.

U.S. Geological Survey, 1990, Water resources data--California, water year 1989: U.S. Geological Survey
Water-Data Reports CA-89-1 to CA-89-5.
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SEDIMENT STATIOILS

Number: CA004

Location: Statewide (See accompanying map for water-quality stations, page 21)
Project Chief: James M. Knott

Period of Project: Continuing

Problem: Erosion, transport, and deposition of sediment can have major adverse effects on lakes, streams,
and adjacent lands, which may persist for years, decades, or even centuries. Knowledge of sediment trans-
ported by streams is essential in the development and management of water and land resources. Large
variations in drainage-basin and precipitation characteristics in California result in significant differences
in the quantity and composition of fluvial sediment. To obtain knowledge of sediment-transport character-
istics of California’s wide diversity of streams will require close monitoring of sediment at many locations.
V
Objectlves. Provide sediment data that can be used to (1) dervelop land-management practices that will
minimize erosion rates; (2) evaluate the effects of s1gmﬁcaﬂt increases or decreases in the supply of
sediment to lakes and streams; (3) determine the effects of debris basins and drop structures on sediment
transport; (4) monitor reservoir-capacity losses for flood-control and water-supply purposes; (5) determine
the relation of sediment to algae growth in lakes; (6) evaluate changes in coastal morphology caused by
changes in sediment discharge of coastal rivers; and (7) estimate changes in stream characteristics that may
result from dams.

|

Approach: Suspended-sediment and bed-material samples w%]l be collected at specific sites on streams
within the State. Bed-load samples will be collected at those sites that are total-load stations if stream
characteristics are suitable. Daily suspended-sediment concertration and discharge will be compiled for
daily sediment stations. Monthly bedload discharge will be estimated for daily total-load stations.
Selected sediment samples will be analyzed for particle- 51z¢ distribution. Standard methods of data
collection will be used as described in the series "Techniques of Water-Resources Investigations of the
U.S. Geological Survey."

Progress:
FY1988: Sediment data collected at 16 daily, 26 periodic, 19 NASQAN, and 3 Hydrologic Benchmark
stations during water year 1988 were compiled and reviewed. Sediment data collected during water years
1986 and 1987 were published in the annual data-report series.

FY1989: Sediment data collected at 15 daily, 21 periodic, 18 NASQAN, and 3 Hydrologic Benchmark
stations during water year 1989 were compiled and reviewed. | Sediment data collected during water year
1988 were published in the dannual data-report series.

FY1990: Sediment data collected at 16 daily, 21 periodic, 18 NASQAN, and 3 Hydrologic Benchmark
stations during water 1990 were compiled and reviewed. Sediment data collected during water year 1989
were published in the annual data-report series.

Plans for Next Year: Collection of sediment data will continue.

Reports:

U.S. Geological Survey, 1988, Water resources data--California, water year 1986: U.S. Geological Survey
Water-Data Reports CA-86-1 to CA-86-4.

U.S. Geological Survey, 1988, Water resources data--California, water year 1987: U.S. Geological Survey
Water-Data Reports CA-87-1 to CA-87-4.

U.S. Geological Survey, 1989, Water resources data--California, water year 1988: U.S. Geological Survey
Water-Data Reports CA-88-1 to CA-88-4.

U.S. Geological Survey, 1990, Water resources data--California, water year 1989: U.S. Geological Survey
Water-Data Reports CA-89-1 to CA-89-4.
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NATIONAL TRENDS NETWORK FOR MONITORING ATMOSPHERIC DEPOSITION

Number: CAQ005

Cooperating Agency: None. (U.S. Geological Survey
Federal Program)

Project Chief: Kenneth W. Lee
Period of Project: Continuing

Problem: Some lakes in the United States are becoming
more acidic, fish are no longer found in them, and the
pH of precipitation is as low as 4.0. One question being
asked is "What is the areal and temporal variation of
wet-atmospheric deposition in the United States?"

Objectives: Sample and analyze wet-atmospheric depo-
sition and determine the annual deposition rate in areas
of California. Sites are part of a National program.

Approach: One atmospheric-deposition sampler will be
installed and operated at Chuchupate Ranger Station in

N

Los Padres National Forest in Ventura County (study area 1). Samples will be collected weekly for
analysis, thereafter, the data are handled by the National program. The district will provide quality
assurance on sampling techniques for a site near Yreka (study area 2) operated by the Siskiyou County

Air Pollution Control District.

Progress:

FY1988 to 1990: The California District operated one station at Chuchupate Ranger Station with
assistance from the Forest Service and provided quality-assurance reviews for one station near Yreka.

Plans for Next Year: Collection and analyses of atmospheric-deposition samples at Chuchupate will
continue and rain gages will continue to be read. Inspections of the Yreka site will continue once or twice

annually.

Reports: None.
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WATER-USE INFORMATION FOR CALIFORNIA

CAO007

Number:

|
RO

Cooperating Agency: California Department of Water
Resources

Project Chief: William E. Templin
Period of Project: Continuing

Problem: Nationwide, statewide, and site-specific
estimates of water use are needed to establish water-
resources policies and to conduct hydrologic investi-
gations; estimates must be consistent in water-use
categories and methods of determination to allow valid
comparisons of statewide totals. California continually
has the largest water-use volume of any state in the
Nation; its multiagency water-management organizational
structure and sheer magnitude of water users create a
complex water-use information environment. The prob-
lem is to meet present and future water-use information
needs in the most efficient and cost-effective manner.

Objectives: (1) Determine how much fresh and saline surface and ground water is withdrawn and for
what purposes, how much of this water is consumed during| use, and how much water is returned to
surface and underground sources after use; (2) maintain and Irefine computerized systems to store and
retrieve statewide and site-specific water-use information; (3) devise and apply new methods and
techniques to improve the collection, analysis, and dissemination of water-use information; (4) explain the
values and applications of water-use information, and make this information available.

Approach: Information will be developed for 14 National Water Use categories: irrigation; industrial;
commercial; domestic; water supply; sewage treatment; mining; livestock (animal specialties); reservoir
evaporation (beginning in 1990); hydroelectric power; and 3 thermoelectric power categories: nuclear,
fossil fuel, and geothermal. Site-specific information will be input into a Water Use Data System.

Statewide information will be input into an aggregated Water 1
for collection, storage, and dissemination of water-use inform

Progress:
FY1988: A water-use geographic information system was ini
Specific Water Use Data, Aggregated Water Use Data, and d
aggregated data were developed for the 1985 edition of the Gel
circulars titled "Estimated Use of Water in the United States.”
use estimates for each of California’s 58 counties, 16 subregi
Each aggregated area has water-use estimates for the 12 natio
more than 120 data elements. The digital map coverages incl
streams, water bodies, and dams. A paper was published a
California Water Use GIS at the American Water Resources A
1988. A poster showing how California was the Nation’s I¢
prepared and displayed at the same AWRA Symposium. Proj¢
pumpage estimates from power consumption records for parts
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Use Data System. Methods and techniques
ation will be improved.

tiated that includes subdirectories for Site-
ligital map coverages for California. The
ological Survey’s 5-year interval water use
This data base has aggregated total water
ons, and 149 hydrologic cataloging units.
nally determined water-use categories and
ude county and drainage-basin boundaries,
nd an oral presentation was given on the
ssociation (AWRA) Symposium in August
rading water use State again in 1985 was
ects were initiated to provide ground-water
of Tulare, Kings, and Fresno counties.




FY1989: The Water-Use Program’s main success in fiscal year 1989 was coordinating with other
National and California District operations. A paper titled "California Water Supply and Use" was
included in the U.S. Geological Survey National Water Summary 1987. Water use tables and water
budgets are now being used widely in District operations. Irrigation water supply and demand information
was determined from records of 32 water districts in the western San Joaquin Valley. Pumpage related
projects have compiled power consumption data into ARC/INFO files and coverages, and estimates of
pumpage for areas in the San Joaquin Valley.

Our point data base (INFOWUDS) contents were expanded with data for water-supply wells, sewage-
treatment plants, nuclear powerplants, and hydropower plants. The need for water-use information was
included in monitoring objectives developed for two reports evaluating water-resource data networks in
Monterey County.

FY1990: The Water-use Program’s concentration in fiscal year 1990 was on reviewing the aggregated
water-use estimates for 1985 and preparing for the 1990 update. Water-use estimates and methods for
1985 were reviewed and a quality assurance plan was drafted. A handout was prepared and a presentation
was given at the National U.S. Geological Survey Water Use Conference/Workshop in Denver. A presen-
tation was given at the annual meeting of the American Association for the Advancement of Science. A
proposal was prepared on the work needed to complete Chapter 11, Water Use, for the National Handbook
of Recommended Methods for Water Data Acquisition. Our Pumpage Library and related projects have
compiled power consumption data into ARC/INFO files and coverages, and estimates of pumpage for
areas in central California. Our site-specific data base INFOWUDS) was expanded with data for locations
of mines, thermoelectric powerplants, hydropower plants, wastewater treatment plants, and reservoirs (for
the new Reservoir Evaporation category). Our aggregated data base (AWUDS) was expanded to include
information on crop acreages, by county, for 1985 through 1989, and a survey of water suppliers, their
sources and volumes dclivered in 1989.

Plans for Next Year: Water use in 1990 will be estimated for all California counties, hydrologic units,
and major aquifers. A water use data base for Antelope Valley will be developed. Chapter 11, Water
Use, will be completed for the National Handbook of Recommended Methods for Data Acquisition. A
data report will be published containing water delivery and crop information for the west side of the San
Joaquin Valley. Power-consumption data will continue to be collected and ground-water withdrawals will
be estimated.

Reports:

Templin, W.E., 1988, The California water-use geographic information system, in Waterstone, Marvin,
and Burt, R.J., eds., Symposium on water-use data for water resources management, Proceedings:
Bethesda, Maryland, American Water Resources Association, Technical Publication Series
TPS-88-2, p. 77-84.

Templin, W.E., 1990, Reporting of agricultural water use information for California and the Western
States (abs.): American Association for the Advancement of Science, Pacific Division, 71st, v. 9,
part 1, p. 54.

Templin, W.E., 1990, California water supply and use, in National Water Summary 1987--Hydrologic
events and water supply and use: U.S. Geological Survey Water-Supply Paper 2350, p. 173-182.
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GROUND-WATER APPRAISAL, U.S. MARINE CORPS BASE, TWENTYNINE PALMS

|
Number: CA027 A ——

Cooperating Agency: U.S. Marine Corps, Air Ground
Combat Center, Twentynine Palms

Project Chief: Charles A. Kaehler
Period of Project: September 1981 to September 1988

Problem: Most of the water supply for the Twentynine
Palms Marine Corps base is obtained from wells in the
Surprise Springs ground-water basin, about 10 miles
northwest of headquarters in the Mesquite basin. To use
this supply of potable, but distant, water efficiently, the
Marine Corps would like to develop alternative sources
of ground water for two specific needs: (1) production
of about 250 gallons per minute to be used for landscape
irrigation at the housing area near the golf course; and
(2) production of a minimum of about 100 gallons per
minute for a planned facility to wash vehicles. Hydro-
geologic information on the Mesquite basin is limited.

N .

Objectives: Drill, construct, and test two wells in the Mesquite basin area and expand on the limited
information available on the hydrogeology of the Mesquite basin.

Approach: All available hydrogeologic data for the Mesquite }basin will be reviewed, and designs for the
two wells will be formulated. The two sites will be selected on the basis of a hydrologic assessment of
the area and on the needs of the Marine Corps. The wells will be constructed and developed using U.S.
Geological Survey drilling equipment. After the wells are constructed and developed, pumping tests will
be done to determine well yield and drawdown. Water samples will be collected for analysis of major
ions, fluoride, nitrate, boron, and dissolved solids.

Progress:
FY1988: A report describing the geohydrology and effects of|water use in the Surprise Spring basin was
written and reviewed. The report describes model simulations 'of projected pumpage from three proposed
supply wells located north and west of existing supply wells in the basin. In April and May 1988, these
wells were constructed and test pumped. During the test, all three wells were pumped dry, which indicates
that, if the wells were properly constructed, the hydraulic conductivity near the wells is significantly lower
than that used in the model. These results caused concemn that the calibrated model was invalid. The
Survey suggested that the new wells be further developed and retested with a smaller capacity pump.
After additional development, all the wells produced more than 1,000 gallons per minute, supporting the
validity of the calibrated model.

FY1989: Ground-water levels and chemical quality were monitored. Water levels were measured semi-
annually in 16 wells in the Surprise Springs basin, semiannyally in 1 well in the Mesquite basin, and
annually in 2 wells in the Deadman basin. Three wells in the¢ Surprise Springs basin were sampled for
chemical analyses.
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FY1990: Two 8-inch diameter wells were drilled, completed, tested, and sampled in the Mesquite basin.
Information gained during the construction of the wash-rack well (2N/9E-20M1) showed that coarse-
grained water-bearing deposits do exist in the northeast part of the Mesquite basin despite the proximity
of bedrock outcrops to the east and fine-grained lake deposits to the south. The measured water level,
about 1,545 feet above sea level, was 125 feet lower than expected from projection of the nearest water-
level measurement 2.5 miles to the south, Geophysical logs indicated a possible near-surface zone of
perched water. An aquifer test was done in June 1990. At a pumping rate of 20 gallons per minute,
drawdown was about 0.5 foot. The data indicated a transmissivity of about 40,000 feet squared per day,
and a specific capacity of about 40 gallons per minute per foot of drawdown. The water level in the new
golf course well was 55 feet higher than that projected from the existing well 1,100 feet to the east, which
suggests that a previously unrecognized branch of the Mesquite fault between the two wells acts as a
partial barrier to ground-water flow. During the week of September 24, 1990, the well was pumped at
200 gallons per minute for 49.5 hours; drawdown was 20.3 feet (specific capacity of 10 gallons per minute
per foot of drawdown). Field measurements during the test indicated a pH of 9.1, a specific conductance
of 1,080 microsiemens per centimeter, and an alkalinity of 36 milligrams per liter as calcium carbonate.

Plans for Next Year: Aquifer-test data will be analyzed, and all data will be transmitted to the
cooperator.

Reports:
Londquist, C.J., and Martin, Peter, 1991, Geohydrology and ground-water-flow simulation of the Surprise

Spring basin aquifer system, San Bernardino County, California: U.S. Geological Survey Water-
Resources Investigations Report 89-4099, 41 p.
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APPRAISAL OF GROUND-WATER RESOUR&ES, INDIAN WELLS VALLEY

Number: CA030

e

Cooperating Agencies: Indian Wells Valley Water |
District; and U.S. Navy, Naval Weapons Center, j
China Lake |

Project Chief: Charles E. Berenbrock
Period of Project: Continuing

Problem: Indian Wells Valley is undergoing rapid
population growth and is faced with the problem of
managing water resources of the area in order to best ! U
meet future needs. i . STV ;Y AREA
Objectives: Define current ground-water conditions in i 3
the valley using a water-level and water-quality monitor- 3

\

|

|

|

\

e~

ing network and develop a computer model that can be
used to predict aquifer response to future ground-water
development.

Approach: Water levels will be measured; ground-water pumpage will be estimated, and samples for
chemical analyses will be collected. Previous model data will be reorganized and reevaluated to develop
a steady-state and transient-state digital flow model of the basin using the U.S. Geological Survey Modular
Model. The flow model will be used to predict ground-wat‘tr levels primarily in the current pumping
centers of the basin under selected management alternatives. Current and historical chemical data will be
used to define variations in chemical quality of ground water. A solute-transport model will be used to
predict the movement of solutes in response to pumping.

Progress:

FY1988: A water-level and water-quality monitoring network was operated during the year. Water levels
were measured semiannually in 22 wells and water samples were collected annually from 10 wells for
chemical analysis of major dissolved ions. Three of these samples also were analyzed for volatile organic
compounds and trace metals. An additional 30 wells were |sampled for major dissolved ions for the
valleywide ground-water quality study. Assistance was given to China Lake Naval Weapons Center and
the U.S. Navy Seabees on construction of observation wells, A report describing the calibration of a
three-dimensional ground-water-flow model and the geohydrology of the valley was submitted for review.
A 2-year valleywide ground-water quality study was started |in 1987, and historical and current water-
quality data were evaluated. Development and calibration of aisolute-transport model was started. Results
from preliminary simulations of the solute-transport model indicated that additional water-quality data are
needed in the northeastern and eastern parts of the valley.

FY1989: Operation of the water-level and water-quality monitoring network continued. Survey assistance
in construction of test holes continued and assistance was given to the Indian Wells Valley Water District
on a 24-hour pumping test in the southwestern part of the valley. The valleywide ground-water quality
study continued. Solutes in the main water-bearing zone (deep aquifer) were simulated by a
two-dimensional solute-transport model of the valley. Concentrations simulated by the model generally
matched measured concentrations except in areas adjacent to the lacustrine deposits. Additional data need
to be collected in these areas before this part of the valley can be adequately simulated.
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FY1990: The report describing the ground-water-flow system in Indian Wells Valley was completed.
A report describing variations in water quality, processes that affect chemical quality, variations in oxygen-
and hydrogen-isotope concentrations, and computer simulations of solute transport in Indian Wells Valley
was written and in review.

Plans for Next Year: The water-quality report will be completed. A network of wells for continued
monitoring of ground-water levels and water quality in Indian Wells Valley will be maintained.

Reports:

Berenbrock, Charles, and Martin, Peter, 1991, Ground-water flow system in Indian Wells Valley, Kem,
Inyo, and San Bemardino Countics, California: Water-Resources Investigations Report 89-4191,
88 p.
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SACRAMENTO RIVER BETWEEN HAMILTdN CITY AND BUTTE CITY

Number: CA271

Cooperating Agency: California Department of Water
Resources

Project Chief: Jerry G. Harmon
Period of Project: Continuing

Problem: Flooding in the Sacramento River basin may
cause changes in the magnitude and duration of overbank
flows to Butte basin and increased amounts of lateral
erosion. Continued lateral migration of the channel may
cause the Sacramento River to change course and enter
Butte basin or allow excessive flows down the main
channel of the river, where the design channel capacity
decreases in leveed reaches.

Objectives: (1) Define relations and document changes
in the proportional division of floodflows between the
Sacramento River and Butte basin; (2) show the results
of channel scour, channel fill, and streambank erosion at
monumented cross sections of the river; and (3) present water-surface profiles of floods to provide a base
for documenting changes in channel-flow characteristics.

Approach: Flood data (part of the ongoing data-collection program) will be collected. Channel cross-
section data at monumented sites will be collected annually+ Flood data will include streamflow and
surveyed or recorded stage measurements.

Progress:

FY1988: Recording gages and crest-stage gages were installed and operated during the flood season.
Annual cross-section surveys were completed at monumented sites in August 1988. Flood data for
1980-86 were reviewed and tabulated.

FY1989: A network of 39 crest-stage gages and S recording gages in Butte basin and the Sacramento
River was operated during 1988-89. Worn and obsolete gaging equipment was replaced. Crest-stage
gages were added at two sites. Level surveys were done to check and establish reference marks and
crest-stage gage elevations. Annual surveys of cross sectlbns of the main channel of the river at
monumented sites were completed in September 1989. |

FY1990: A Water-Resources Investigations Report on the floods of 1980-86 and a data report were
written and are in review. Annual cross-section surveys of the main channel of the river at monumented
sites were completed in August 1990. Level surveys were dgne to check and establish reference marks
and crest-stage gage elevations.

Plans for Next Year: Recording gages and crest-stage gages will be in operation during the 1990-91
flood season. The data-collection network will be modified to include peak-stage data near Parrott Weir,
which was constructed in 1988. Elevations and descriptions of reference marks are documented to relate
floodflow measurements and surveys of high water marks along the Sacramento River and in Butte basin.
Flows will be measured and recorded to document changes or stability in characteristics of floodflows.
Monumented cross sections of the river will be resurveyed annually and compared with data from previous
surveys at each of seven sites. A report will be written after the next flood to document changes in
floodflow characteristics following an extended drought peri

Reports: None.

30 Project CA271




GROUND-WATER RESOURCES OF THE SANTA BARBARA AREA

Number: CA342

Cooperating Agency: Santa Barbara, city of
Project Chief: John R. Freckleton

Period of Project: July 1977 to September 1991

Problem: The reduced efficiency of surface reservoirs
due to siltation will place increasing pressure on the
ground-water supply in the Santa Barbara ground-water
basin. Because of anticipated pumpage in the basin and
the possibility of seawater intrusion into the freshwater
aquifer, it has become necessary to develop and imple-
ment a ground-water program capable of evaluating the
effects of anticipated stresses on the ground-water basin.

Objectives: Design a comprehensive program to regu-
larly monitor water levels and water quality in the
ground-water basin to measure the effects of increased
pumping and the potential movement of seawater into the
ground-water reservoir. Results of the monitoring program will be used to develop a computer model of
the ground-water basin that will help define the hydrogeology and will aid in the management of the water
resources of the basin,

Approach: Previous investigations will be reviewed. Historical water-level and water-quality data and
rainfall and streamflow records will be collected and analyzed. Additional hydraulic data, such as storage
coefficient and transmissivity estimates, will be collected. A finite-difference flow model based on
measured or estimated hydraulic properties and known or estimated values of recharge and discharge will
be developed. The mathematical model will be used to investigate various pumping alternatives that may
lessen the effects of increased pumping in the subbasin.

Progress:
FY1988: A report describing the geohydrology of the Foothill ground-water basin near Santa Barbara
was written and is in review.

FY1989: Nine test wells (three sets of three nested 2-inch wells) were drilled in Storage Unit III of the
Santa Barbara ground-water basin, and one 6-inch test well was drilled in discharge area 2 of the Foothill
ground-water basin. Electric-log and water-level data obtained from these wells will be used to develop
a geohydrologic concept of Storage Unit III. Preliminary data obtained from the Storage Unit III test
wells indicated a more complex ground-water system than was anticipated.

FY1990: A report describing the geohydrology of the Foothill ground-water basin was published. The
scope and report-review submission date for this project were modified. The original scope included
updating the Foothill model to incorporate monthly timesteps and to develop a flow model of Storage Unit
III. The city of Santa Barbara and the Survey agreed that the new scope will include a combined-flow
model of Foothill basin, Storage Unit I, and Storage Unit III. A flow-model grid of the three basins was
developed. The fault boundaries separating the three basins were modeled using the U.S. Geological
Survey Modular Model’s "horizontal flow barrier" package.
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Plans for Next Year: The combined-flow model will be [calibrated and will incorporate monthly
timesteps for transient simulation. A report describing the model and simulations will be written.

Reports:
Freckleton, J.R., 1989, Geohydrology of the Foothill ground-water basin near Santa Barbara, California:
U.S. Geological Survey Water-Resources Investigations Report 8§9-4017, 46 p.

32 Project CA342



DEVELOPMENT OF A MOVING-BOAT DISCHARGE-MEASURING
SYSTEM USING AN ACOUSTIC DOPPLER CURRENT PROFILER

Number: CA382

Cooperating Agency: None. (U.S. Geological Survey Federal Program)
Project Chief: Michael R. Simpson

Period of Project: Continuing

Problem: Accurate discharge measurements of large and(or) tidal-affected rivers cannot be made using
conventional boat discharge-measurement techniques. In large rivers (more than 800 feet wide), the
bank-to-bank tagline used for boat stationing becomes unwieldy and unsafe. In tidal-affected rivers, the
duration of a conventional discharge measurement (1 hour or longer) does not permit accurate
measurement of fast-changing discharges. Moving-boat discharge-measurement techniques developed by
the Survey in an attempt to solve these problems have major deficiencies, which makes their use
unadvisable when high accuracy and speed are desired, especially in tidal-affected rivers.

Objectives: (1) Develop and test a moving-boat discharge-measuring system using a vessel-mounted
acoustic Doppler current profiler (ADCP). Tests have shown that an ADCP system is capable of
measuring water velocities from a moving vessel and of calculating discharge if controlled by the proper
software; (2) write and debug software that computes river discharge from data provided by the ADCP;
and (3) install software on the ADCP system and ficld test.

Approach: The discharge-measurement software will be written in the Pascal language using generic
Pascal tools and compiler directives so that the final source code will be transportable to computers other
than the HP-9816. The program structure and documentation will conform to programming standards as
set forth by the HIF (IDL). Field tests of the ADCP system will be done under steady-state and
nonsteady-state flow conditions at two locations on the Sacramento River using an ADCP system mounted
on the research vessel Saul E. Rantz. After the program is tested and debugged, the final source code and
documentation will be available as a Primos file or in written form.

Progress:

FY1988: Initial tests were made comparing discharges collected with the moving-boat system with
discharges provided by the acoustic velocity meter (AVM) on the Sacramento River at Freeport on
December 18, 1987. Test results were excellent, and a refined version of the computer program was tested
at the same location during the week of April 4, 1988. Test results again were excellent (within 4 percent
of the AVM discharge). Some of the differences between AVM and moving-boat discharge measurements
were due to deficiencies in the calibration of the AVM system (conventional discharge measurements were
used to calibrate the AVM system). Several program flaws were discovered and the software was revised.
Refinements to the software corrected problems with vertical velocity profile estimation, lost data recovery,
and handling of bi-directional flow in the vertical profile. The system was used for several field
applications which included two 26-hour tidal studies on the Sacramento River at Chipps Island; the
calibration of two acoustic velocity meters at Beacon Island in the San Joaquin River Delta; and the
calibration of a mathematical model used in the San Joaquin River Delta. This is the only discharge
measurement system that could accomplish all the above-mentioned tasks. Using this system, three people
made 160 measurements at 10 locations during a 2-day period.

FY1989: Development of the acoustic Doppler discharge measurement (ADDM) system was accomplished
over a span of 2 1/2 years. During that period, many problems were overcome, including estimation of
missing parts of the water velocity profile that cannot be measured by the ADCP, estimation of the effects
of bottom-sediment movement on ADCP discharge- measurement accuracy, and estimation of unmeasured
discharge near the edges of the riverbank.
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with the ADDM system are at least as accurate as those made using conventional discharge-measurement
methods and have the advantage of being much faster to accomplish (2 minutes for the ADDM system
compared with at least 1 hour for conventional discharge measurements). The ADCP discharge-
measurement system is perhaps the only such system that can quickly and accurately measure discharges
in tidal-affected reaches of rivers or estuaries.

Comparison tests and discharge-measurement error analysis ha\E: shown that discharge measurements made

FY1990: A report describing the development of the ADDM system was written and reviewed. Review
of error analysis of the ADDM system produced some questions, which required additional data collection
to resolve. Water-velocity data were collected on the Sacramento River near Freeport during the second
week of July 1990. The data were used to investigate the amount of total random uncertainty caused by
errors in estimating depth average cross products (water velocity times boat velocity) in a subsection
measured by the ADDM system. Results of the data analysis indicated that the uncertainty was 5.6
percent. Total ADDM system uncertainty (random and systematic) for a typical discharge measurement
on the Sacramento River near Freeport was 1.6 percent. A statistician was contacted to review the above
described error analysis.

Plans for Next Year: As soon as the statistical review is complete, the report will be sent for Director’s
approval. California District Computer support personnel will translate the prototype ADDM system
discharge-measurement program (5,000 lines of Pascal code) into modular C. The translated program is
slated to run on an IBM PC 386 or equivalent. A "Beta test” version of a new, high-resolution, broad-
band ADCP (BB-ADCP) system is being offered by the manufacturer, R.D. Instruments. The California
District is requesting funds from the U.S. Geological Survey Office of Surface Water for the purchase of
one of these new systems. The BB-ADCP can be used in shallow water (1 meter or less) and is an
attractive alternative to many of the less-effective conventional discharge-measurement methods used by
the Water Resources Division.

Reports: None.
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GEOHYDROLOGIC STUDY OF COACHELLA VALLEY

Number: CA387

Cooperating Agency: California State Water Resources
Control Board

Project Chief: Eric G. Reichard
Period of Project: October 1987 to September 1989

Problem: The Coachella Valley, a basin with important
potential for conjunctive use of ground and surface water,
is facing increasing water demands as well as possible
water-quality concermns. An assessment of the hydro-
geologic system in the valley and the development of
computer-simulation models will aid in developing future :
* water-management plans. , /“s,TuDY AREA

‘,;& '
Objectives: Compile, evaluate, and organize data on the s '
geohydrology, water quality, water levels, recharge and -
discharge rates, and land use of the basin. Characterize
the hydrogeologic and geochemical systems in the basin.
Test the accuracy of existing flow and transport models in simulating conditions in the upper valley.
Determine an appropriate approach for modeling valleywide ground-water flow and chemical transport on
the basis of an evaluation of current and potential water-management issues in the basin and on data needs
and availability. Design a work plan for developing valleywide ground-water models.

Approach: A computerized geohydrologic data base for the entire valley will be compiled and evaluated.
The conceptualization of the geohydrologic system will be refined on the basis of these data. The existing
ground-water model will be evaluated and used to simulate the effects of artificial recharge on water levels
and water quality. A detailed work plan for carrying out a valleywide ground-water-modeling study will
be formulated.

Progress:

FY1988: A geohydrologic data base for the Coachella Valley was compiled and the previous U.S.
Geological Survey digital ground-water model of the upper Coachella Valley was evaluated. Data were
compiled from within the Survey and from the Desert Water Agency, the Coachella Valley Water District,
the Califomia Regional Water Quality Control Board, and the U.S. Bureau of Reclamation. A
computerized data base, which includes digitized locations of wells and geohydrologic features, pumping
rates, water levels, and limited water-quality data, was established. The data base was developed to allow
efficient interaction with ground-water models. The input files from the Survey’s 1978 digital ground-
water model of the upper Coachella Valley were converted for use with SUTRA, a well-documented,
commonly used ground-water-flow and transport model developed by the Survey. Preliminary verification
runs of the model were done using data from 1979 to 1986, a period during which a large amount of
artificial recharge occurred. These model runs allowed evaluation of the validity of original model
assumptions conceming the basin water budget, aquifer characteristics, and boundary conditions.

FY1989: Geohydrologic data were analyzed to increase our knowledge of the ground-water-flow system
and the water-quality effects of artificial recharge. The existing ground-water model of the upper
Coachella Valley was used to simulate the effects of artificial recharge in the upper Coachella Valley from
1979 to 1986. A detailed work plan for future data collection and basinwide ground-water modeling was
completed and submitted to the regional agencies. A water-resources investigations report was written.
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FY1990: The water-resources investigations report was submitted for colleague review.
Plans for Next Year: Complete report.

Reports: None.

36 Project CA387



REAPPRAISAL OF THE GROUND-WATER BUDGET AT HONEY LAKE VALLEY,
WASHOE COUNTY, NEVADA, AND LASSEN COUNTY, CALIFORNIA

Number: CA397

Cooperating Agency: California Department of Water
Resources

Project Chief: Clark J. Londquist
Period of Project: October 1986 to September 1989

Problem: Development of the Reno-Sparks area is
increasing, nearly all economically available surface
water has been allocated, and the demand for ground
water continues to grow. Use of water from the Honey
Lake aquifer is under consideration, but decisions
conceming development of the aquifer are complicated
by the institutional constraints of withdrawal from an
interstate source as well as the physical limitations of
ground-water availability in semiarid areas. Therefore,
a detailed appraisal of the ground-water budget is needed.

Objectives: Determine the components of ground-water

flow and the hydraulic characteristics of the aquifer. Develop a digital model of the flow system to
evaluate and quantify the ground-water budget. Prepare a report to disseminate the results of the study
in a format and with language appropriate for understanding and use by water managers, water users, and
elected officials.

Approach: Phase 1 will include assembly and evaluation of existing data, reconnaissance-level data
collection, planning for additional detailed data collection, and flow-model development. Phase 2 will
involve collection of additional field data to fill needs identified in Phase 1, interpretation of data, and
revision of the model. Phase 3 will include completion of the model, calibration and sensitivity analysis,
and preparation of the final report.

Progress:

FY1988: Seven wells were drilled and one well was rehabilitated. Six seismic refraction lines were run
to determine depth to bedrock. Percentage of coarse-grained material from all available well logs were
coded. Hydraulic conductivity from specific-capacity data and percentage of coarse-grained material data
were estimated. Data were collected and dates were coded for entry into a deep percolation model that
will be used to aid in determining a water budget for the study area. Water levels were measured in
selected wells on a weekly or monthly basis. Stream discharge was measured on 21 small ungaged
streams around the valley on a monthly basis. Three high-altitude precipitation storage gages were
operated. Several runs were made of the preliminary Nevada area model. A ground-water-flow model
of the entire alluvial basin was developed and several preliminary runs were made. The results of these
runs indicated that additional data would be needed before a successful model could be assembled. A
final model would cover only that part of the study area east of Honey Lake because of the limited data
and available time.

FY1989: Streamflow and water-level measurements were completed in April 1989. Aquifer tests were
done by the cooperator at existing irrigation wells in the Fish Springs Ranch area. Land-surface elevation
at each of the observation wells in the area was determined by survey. This survey work confirmed that
water was flowing out of the basin across the northeastern boundaries into Smoke Creek Desert and
Pyramid Lake Valley. The deep percolation model was completed and used to estimate areal recharge for
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the entire study arca. Estimates of surface-water flow within tﬁe entire basin were made, and a report was
prepared describing the methods used and the results. A ground-water-flow model of the area east of
Honey Lake, excluding Long Valley, was calibrated using ardal recharge data from the deep percolation
model and stream recharge data from estimates made for this study. The model includes both the basin-
fill material and the surrounding and underlying volcanics. e model was used to simulate the effects
of pumping an additional 9,000 acre-feet per year from the basin, for a total pumpage of 15,000 acre-feet
per year. The model indicated that the additional pumpage would be derived primarily from salvaged
evapotranspiration and reduced outflow across the northeastern boundaries and that the system could
support this level of pumping over the long term.

FY1990: Review response was completed, approval for pub ication was obtained, and three reports on
the results of the study were printed.

Plans for Next Year: None. Project completed.

Reports:

Handman, E.H., 1990, Principal results of a ground-water study of Honey Lake Valley, California and
Nevada: U.S. Geological Survey Open-File Report 90-155, 2 p.

Handman, E.H., Londquist, C.J., and Maurer, D.K., 1990, Ground-water resources of Honey Lake Valley,
Lassen County, California, and Washoe County, Nevada: U.S. Geological Survey Water-
Resources Investigations Report 90-4050, 112 p.

Mitten, H.T., and Londquist, C.J., 1991, Documentation of madel input and output values for the ground-
water resources of Honey Lake Valley, Lassen County, California, and Washoe County, Nevada:
U.S. Geological Survey Open-File Report 91-68, 4 p

Rockwell, G.L., 1990, Surface-water hydrology of Honey Lake Valley, Lassen County, California, and
Washoe County, Nevada: U.S. Geological Survey pen-Flle Report 90-177, scale 1:100,000,
2 sheets.
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RECLAIMED WATER USE, SAN DIEGO COUNTY

Number: CA399 e

1

- ' |

Cooperating Agency: Califomia Regional Water S
Quality Control Board, San Diego Region P

Project Chief: Lowell F.W. Duell, Jr.
Period of Project: July 1981 to February 1990

Problem: Most of San Diego County’s water is
imported. When the Central Arizona Project is com-
pleted, a major source of water will be reduced. To
compensate for this loss, the San Diego Regional Water
Quality Control Board wants to evaluate the ground-
water basins as sites for wastewater reuse. Many
logistical problems are associated with using reclaimed
wastewater, such as the ambient quality of the ground
water, storage capacity of the aquifer, quality of the
reclaimed water, and soil suitability.

Objectives: Evaluate the ground-water and surface-water

quantity and quality for selected hydrologic subareas. Samples will be collected and measurements made
to provide a current data base. Evaluate the ability of each basin to accept reclaimed water. Define past,
present, and future beneficial uses. Determine future plans of water purveyors, public agencies, and other
water users concerning the use of reclaimed water. Assess the environmental impact of the use of
reclaimed water on each subarea.

Approach: Background information and available ground-water data will be compiled. Wells will be
inventoried to determine sampling locations. Data required to define quality and quantity will be
collected. Water quality will be assessed and basin yield will be determined. Existing surface-water
records will be compiled and data required to determine present and future water use and information on
reclaimed water will be collected. The effect of reclaimed water recharge on ground-water quality will
be assessed and percentage of water the recharge may replace will be determined. Potential uses of
reclaimed water will be assessed.

Progress:

FY1988: Two subprojects were active during the year: an evaluation of water-quality conditions in the
Escondido hydrologic subarea and a description of the water resources of the Descanso area. Data were
analyzed and a report was written and reviewed. Data analysis included construction of land-use and
precipitation bar charts, a current water-level map, and construction of historical and current water-quality
maps. Water-level and water-quality data also were presented in tabular form. A study to evaluate the
effect of future ground-water pumping in the Descanso area was done. Historical surface- and ground-
water data were obtained and reviewed. Surface-water records were used to determine the seasonal
variability in streamflow, and three water-quality samples were collected to determine the seasonal
variability in chemical quality of the Sweetwater River streamgage near Descanso. Ten wells, spatially
distributed and representing an area of current ground-water withdrawals, were sampled for chemical
analyses to determine water quality. Results indicate that water quality in the area generally is good.
Intermittent measurements of streamflow (25 sites) and water levels (25 wells) were made. Estimates of
recharge will be made from streamflow losses and changes in ground-water levels. Specific yield obtained
from a similar area (Lee Valley) will be used to estimate the quantity of ground water stored. Data
collection was completed.
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FY1989: The report on the Escondido hydrologic subarea was completed and published. Hydrologic
information was compiled for water year 1988 to evaluate the effects of current ground-water pumping
on ground-water levels in the Descanso area in south-central San Diego County. During water year 1988,
precipitation at the Descanso Ranger Station was 94 percent of normal, and discharge at Sweetwater River
near Descanso was 98 percent of normal. The ground-water system in the Descanso area consists of
aquifers in the consolidated bedrock (metamorphic and granitic rocks) and in the regolith (weathered
bedrock). Most wells penetrate both aquifers, but the regolith is the source of most water pumped from
wells. ]

|
Ground-water storage in 1988 was estimated at 800 to 2,000 acre-feet in the regolith and 300 to 3,000
acre-feet in the bedrock. Recharge to the ground-water system from infiltration of precipitation and
streamflow was estimated to be 1,000 acre-feet during water year 1988. Pumpage in the Descanso area
was estimated to be 170 acre-feet. Water levels in wells showed little change at the beginning and end
of water year 1988, which suggests that ground-water pumping had little affect on ground-water storage.

Ground-water quality generally was suitable for domestic drinking water. Dissolved-solids concentrations
in ground water from 10 wells in and near the Descanso area ranged from 247 to 424 milligrams per liter.
Concentrations of iron and manganese, which are not toxic, commonly were present in concentrations that
exceeded California maximum contaminant levels for domestic drinking water.

FY1990: A report on the water resources of the Descanso area was written and published.

Plans for Next Year: None. Project completed.

Reports:

Duell, LEW,, Jr., 1990, Water resources of the Descanso area, San Diego County, California: U.S.
Geological Survey Water-Resources Investigations Report 90-4014, 26 p.

Woolfenden, L.R., 1989, Geohydrology of the Escondido hydrologic subarea, San Diego County,
California: U.S. Geological Survey Water-Resources Investigations Report 88-4223, 21 p.
|
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TRANSPORT OF CONTAMINANTS FROM UNDERGROUND WASTEWATER
DISPOSAL SYSTEMS, UPPER MOJAVE RIVER BASIN

Number: CA400

Cooperating Agency: California State Water Resources
Control Board

Project Chief: Amjad M.J. Umari
Period of Project: October 1987 to September 1990

Problem: In the upper Mojave River basin, wastewater
from domestic and industrial septic tanks drains into
seepage pits that allow the wastewater to readily perco-
late into the unsaturated zone. The possibility of con-
tamination of ground water is a major concern because
the underlying alluvial aquifer is the source of public
water supply and because alternate sources of water are
not available.

Objectives: (1) Investigate the role of the unsaturated
zone in changing concentration and speciation of nitrogen
from septic-tank wastewater; (2) investigate the role of
the unsaturated zone in the transport of fecal bacteria from septic-tank wastewater; and (3) determine the
potential for ground-water contamination from septic-tank wastewater.

Approach: Movement of septic-tank wastewater will be studied intensively at eight sites, which represent
a range in geohydrologic conditions and septic-tank densities in the upper Mojave River basin. Rate of
wastewater movement and changes of concentration of selected contaminants with depth in the unsaturated
zone will be investigated at each site by utilizing hollow-stem augering, coring of soil samples, neutron-
moisture probes, suction-cup lysimeters, and a variety of chemical and biological analyses of water and
soil samples.

Progress:

FY1988: During April 1988, 14 boreholes were drilled in Apple Valley and Victorville. Some of these
boreholes were for the emplacement of suction-cup lysimeters and some for the installation of neutron-
probe access tubes. Four multiple-completion piezometers were constructed at one of the boreholes to
study the quality of shallow ground water near the water table. The neutron-probe and lysimeter holes
were drilled on residential lots as close as possible to the seepage pits. Cores were taken frequently during
the hollow-stem auger drilling for the neutron-probe and lysimeter holes, and subsamples from the cores
were analyzed for moisture content and microorganisms in a field laboratory. Water extracts from the
cores were sent to the U.S. Geological Survey’s Central Laboratory for water-quality analysis. The
biological analyses of the cores indicated no high fecal coliform count, although the total bacteria count
was high near the seepage-pit bottoms. Water-quality analyses of the cores and lysimeters indicated a
decrease in nitrates with depth in the capillary zone; the decrease may be due to dilution or
denitrification. Qualitative moisture-content profiles obtained from neutron-probe logs clearly indicated
vertical migration of the sewage plume at newly constructed sites.

FY1989: A second drilling operation was completed during November 28-December 9, 1988. A lysimeter
hole was drilled in Hesperia and instrumented with eight lysimeters. A new hole was drilled at one of
the existing sites (Cheyenne-I) to monitor the shallow ground water and to study the attenuation of nitrates
in a thin layer of the saturated zone directly under the water table. Microbiological analysis of cores from
these two boreholes was shifted in focus to identify nitrate-reducing bacteria. Analyses showed the
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presence of nitrate-reducing bacteria in the cores at the same Aiepths at which concentrations of nitrates
decrease significantly. Water-quality samples also were extracted from the cores and sent to the Central
Laboratory for analysis. An additional well with four multiple-completion piezometers was constructed
in Apple Valley downgradient (along the direction of ground-water flow) from the previously constructed
multiple-completion well and at a location such that the source of septic effluent exists between the two
wells. Monthly collection and analysis of water samples from| the lysimeters and bimonthly monitoring
of the moisture-content profile by neutron-probe logging were continued. Grain-size analysis of the core
samples also was continued. i
FY1990: Final sampling of all active lysimeters in the study %ea was done, with the focus on obtaining
samples to be analyzed for organic carbon and for nitrogen-isotope ratios (N15/N14), as part of an effort
to document bacteria-mediated nitrate reduction. Some of the core samples obtained during the December
1988 drilling (and stored in a freezer) were thawed in January 1990, and porewater extracts from the
samples were analyzed for chemical constituents. Grain-size analyses were done on those cores.
Preparation of a final report was started.

Plans for Next Year: The final report will be written and reviewed.

Reports:

Umari, A.M.J., Martin, Peter, and Schroeder, R.A., 1989, Attenuation of nitrogen and fecal coliforms from
septic-tank effluent through a thick unsaturated zone, upper Mojave River basin, Califomia, in
Pederson, G.L., and Smith, M.M,, compilers, U.S. Geological Survey Second National Symposium
on Water Quality: Abstracts of the Technical Sessions, Orlando, Florida, November 12-17, 1989:
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